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ABSTRACT 

PURPOSE: To suitably generate a chirp signal and to detect correlations 
between the chirp signal and a spread spectrum modulation signal by taking 
one electrode from electrodes constituting each of first and second 
SAW(surface acoustic wave) filters, which are formed on a piezoelectric 
substrate, as a common electrode and using the complex conjugate property 
of the frequency characteristic of the common electrode. 

CONSTITUTION: An input electrode 2 and an output electrode 4 are 
constituted on the surface of a piezoelectric substrate 1 where a SAW is 
propagated, and the first SAW filter which outputs the chirp signal from 
the output electrode 4 at the time of input of an impulse to the input 
electrode 2 and the second SAW filter which detects correlations between 
the chirp signal and a signal subjected to spread spectrum modulation at 
the time of input or this signal to the input electrode 2 are provided. One 
of electrodes 2 and 4 is constituted as a common electrode 3. That is, the 
complex conjugate property of frequency characteristics of the common 
electrode 3 is used to perform chirp signal generation and correlation 
detection on the single piezoelectric substrate 1. 
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n i ttt % ^mm(D-mm{mzm?>^^-y^s aw* 

'<7 h;HS»8EaUBgi 0 i©fitg£*^£ftTus„ d 
© H CS £ ft £> 5=- * - TS. S A W7, Y ;i/g;1RXfKH 
§110 1 tiEtSfi 1 ©p]-«ffl(C 3ffl«©mffi 2-4 50 



#P§¥ 7-254868 
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[0 0 3 4] z.tie><DWm<D?*>4>JWX\j]9M2 

5SAW7^'M^:Ltl^^^Tv^5 0 -r&fc-^ 4g 

?5 S^Ltfl 2 tc-f >;t;U7.#A;b;*ft§ i;, d© 
-f w^TU- iotil 2 tfis^ji, SfiifflSIc 
SAWtf^if?., CCSAWIiti 2*^mTEl^ 

*iRii:iE*iRit:e»-rs. ^c-j*), t^iRiceaaufc 

SAWtttffi3tJ;oTSSSh, «&e9££ifesft 
So Sffi2ST>*/Xtt3©«ffi^^ — > (#Jx. 

(4®®*§, WfiKvfS S«i?©^7->) (4, S@ 
2ic^ >yt;i/7#A;b2ftfc*i^mM3 fr^^-7" 
ft^#ff e> ft S 4 7 , T{3*©Jfi*g#Br 

s»iB-S4:«e*j:-5 (mmmmm , isi+^ftT^ 
s (sn2stK3©a^ftit) o -r>n;u7.h 

btr- £(C4 t3Sli^ftTV^2)^ WV^SA*t5 
?>ffi±>£ftSo d©3^ — 

* Hl/ffiifcUfefM^T-feSA^, ^'<-7 h;i/J£tSc^iSfs 
^i: L-T^lfibffSo JS? 5X156(4, d©m 

©«?ftafi^S(cjstti-^i^, 

So 

[0 0 3 5] St. tt®m®3XimiS{t*tB7Jfi;1i4 

(4. h;i/i£tscS!^{g-^ft«ia-rsfcto©s aw? 

UTSH3 tff-f-* s A77^ft2> i:, :©ifia^ti 
«!3#B&tE$ftx 3£ffiloaHCSAW4«JB4t4. d 

© s a w(4*n 3 hth^tjisj tttfa teasf 

5. fe*[RlteaSbfcSAW{4«4S4lZ«fco 

5", t«fO/^-» !4, II3©f^f^t 
«-BffliSE»^tt* J «8i2*rafc«8i4*|Rii:T-«3Rtt!9: 
SCt &wm UT!SI+$ftT^ 5 % Iffi 3 iz^*— 

ym $ftfe«^tc «4, tt@ 3 sv 4 a* e, 

niiSAW7-fMfc(iIC) s d©f-^ — 7"«^^ 

;u^E«$ftfflB8t:-^*5Uiij$ftS. -r^efc*., ms 
2 X 15 3 6 #tfi£ $ ft 5 S A W 7 -r ;u ^ *> e> f# 6 ft 5 ^ 

ftSfs^ ^v-7*fl^-i-4o 
SPI, -fft-tfts 7,^7 h;t/te«K^li{I^A7jSg?X(4 



13 

[0036] mmm 

c©£dtc, *^aH0!Hc«tntf, ¥-©flEMfrKl±C 

ufc 3««©»Bi 2 ~ 4 ©? *>m@ 2 2iV/Xtt 3 

fflOSAW7-fi^SMLT^2>t^ 
&&&.mm*5t UTl&£)Ci:#T-#2>o ®S3© 

/s«»i#a* j ±*oe»*iRiiffl-c-ffl3R«!S!-r-fe?. c i: 4 

-i'SSSit^Cl/tv^fett, ±iE©tS2fi 
£>-3/b>e>*fi££ft£> S AW7^fMCJ; D^fig^ns?- 

+-re^3b>e>7 f -4'*a«Ri«eK:35es. sea, en 
6 2 fi^o s aw 7 a jut \tm— ©msats i ±kubj« 

[0 0 3 7] (2) ^-rraS*-** WH£fStiI«^S 

&ft££H8gl 0 1 &^T*Jfcbfc^ + -:75S;;*^* 

h )uiim.mmmm 2 0 i©#tgxa s 5F£*xT^s. c©n 
tzmtuxi^—y^^p h;uifitsca«««2 0 1 

f^-T/aSS AW7^? h;i4£ttSflUMgi 0 1 © 
ftc, -f wvux#g£^g 102, isse«i#si 0 

3 , ilflffl 5. ^it 1 0 4 a, gfgffl ^tl04b, R 
953§iS§§10 5, iM/^-7>7'10 6, 

0 7, 7>rtl0 8 s D-y^fX7>710 9Mr 
— ^B^Hl 1 0 Sr^bT^S. 

[0038] ■< 1 0 2 (±, am-r^t 

7SSAW^'<^ 0 icDig?5&fr 

UT®H2CA7jf -So ®l£2&C©-f >/t)\,MZ&-z 

-rffima«i©»asijSL, sAw^4$ts. % 

© jh rs iz n b r t» <=> c ^it-t 3 5 s - + - ym^ 
5 1 v - 7s*<Dmm vmm-t * t =r- * © 1 won* t— 

«h&£>cfco, i£<3$J SAW7 
^U^SISItbT&Ct-fcf, ilftr-^t^-^tlBiaST- 

6 27>b*^ S;i/ffiM§3ffi^£: bTggfsffl^S 1 
0 3trA7j£ft, $6CjaMBffl5*-b-l 0 4a£Aft£ 
ft 4. Siftffl^lt 1 0 4 afct, 0 5ia 

fcft«*U fte&ffliS* (RF) KlHft-r*. iWt]&^ 



(8) ^88^7 -2 5 4 8 6 8 
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9-t>t-i o 6(±, RFcaa*3ft&fl»*«ati'« 

b, 0 7SfMT7>rtl 0 8 

^i^nti<^iitA\ «§yg{f sft«. s^-*- 
-^©■^©SlfttT*— *© lfflJSH-^T— ^-c-fe**" 
6, ft-7ifa;*1M0 4a, 7>710 6O# 
< fctv JH«S^li(ii©i£ 

[0 0 3 9] it:, 5 s — $> SBfcaibT^a;*'** h;vte 
10 tsegsae^ (^^-7*{t^) &{fe©a{i^g^esftb 

feig^, Sf^lS 1 0 7 ^Utn-y'^ X7>7'1 

o 9fzc©ft^-#Gy$£fu D-y-fX7>7i0 9i: 

«fc v<s«*tf*a$ni.o issnfitn^nfce^K, 

Ffrbtprsmmti (if) ttii^ns. ircaa** 
ft&«^«u sssfusuesi 0 3si«?6^lti 
113 CA±i£ft£o IS3(ic:©fftaoTffiii 

l©^atCSAW^i&}St-i». *MUfcSAW(±«g3 
i:«ffi 4 OKBHtffl^ 5 B#H©<iia& ic«S 4 Iz «fc o 
20 T^tlS. S@4Ji, g»bfcSAwseae^t 

©effi;S[ajt;:t^T?tJgftST-&3;r ii^Jffl bt, f- 
^-7'fi^S:^;L'xm$i ubh k— ^ 4 m^-r s «t -5 is 

mi i o#fi^o 

[0 0 4 0] 

ft$(t»8i o i^iitSuhia^ *»mrt©L 
30 an¥, ^^<<7 hjvt&n^om.ijmm.mtno^^— 

h;iWB@SE2 0 1 Sr. it»/J^JB««C 

[0 0 4 1 ] (3) h;bfi£»3I{sv7s 
?A 

H3t(±, i2©f+-7"a^^7 h;ui£ttkafllSK2 
o i h, intiBi-p*fiKs^r57 i +-7 , s^^^ h 
;i/ffitttiiASB 2 o i ' b.zm-tz^'r-y^^? h 
;H£fC3i(i x^.?A©is^* 3 7S$-tLTv^i)o ccmtcm 

S tL 5 i 3 C > 7rAS «SK b fc #9^ + - X 

40 h;H£»a«««2 01M2O1' !:S8?n5 
^ + -7*SiS AWX-<i7 |» ;i4£ffcftfKH8 1 0 1 aril]— 
J1S, |b]— ^ffit-«i)«BS<;i:-ri>ci:A s 7:-?i.t», |5j 

— jBa-e*>oRi— wttosaaife*^-*— ^s;^^^ h 
fu&wtae&m 2 0 1M2 0 1 ' (r^^T^jiT-t 
5. €©Pf, sAwe»*iqju:«5mffi3©js«Ea#is 

7^-<7 h;i/ffi»ii<ISS2 0 1M201 ' (D^TtilZ 
50 jo^TtlH]— JIST-A^IH]— ^S©iEaii* S: fT^nofc 



(9) 
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to, J-^-y&X^t Wi4fi»fWH«©ffifi£Stt*5ll 

fik^-v-r/su'** h ;u&t^iifi mm. 2 o i ' <D&m 
c, ^■v-t'SU^* h;ns»aff^S2 o 1M20 

;ns»afi8i 2 o i 2 o i ' cDffiffiqrigaaien 

[0 0 4 2] (4) ^-^SAW*^* h^ffifC^ 



1C 



ii!:*$nii5 L +-7 , ssAW7^h;i/ffii[ 

sims i o i oM&sr&cn ut * b amocbus-*- 

■£) o 

[0043] »>-ra^g)i»w 

£f\ i^©fgiji{b©£:to, ^^-T-ft^hL-c, B$ffl 

fl^ « # x 4 . V - T 7 +• - ^©-^©B^^T; 

h (t) tt, &©5S (1) ~ (4) (CiD^f Cfc* s T- 



10 



[*2] 



h (t) =A (t) exp 



( j 4> (t) 



[0 0 4 4] 

) 



[S3] 



[ft 4] 



0 (t) =2Kf (t) t + 0. 



f (t) = a/2 • t + f 



(1) 



(2) 



(3) 



A (t) =Ao (t a gt ^ t 2 <JDl§£-) 
= 0 ( t < t a Xtt t 2 < t © 

[0045] (3) c«sn5±5c, ^sytcD«a 
tc#^+-:7W©«8gKf (t) , m^TBffiffl^ 

(t) *\ K^C^b-TSo U-T^-v-m^i: 

tt, ^c.ta&ttKfc^rrs^-T'a^fc^s. * 

fc % CCD'J-T^^-rfI^CO®ffiA (t) tt, SC 
(4) iC^tlSi-JC B#P^t a gt ^ t 2 t&^T 

[0 0 4 6] ^fe, iCftAoft, -S-C*5Ii:W 
*Ui. Ztilts &LAo#Bf£Otf"<£!?^bLfei:-r 
5fcs ^ISCD[3l£& drit 1 0 4 a^T* 

> 7*1 0 6) <B#iBilSffi£**C^ft&(*ftli&e>fc< 



30 



... ( 4) 

£41 A o #B$£'J t . C «fc 6 r— ST? 
tt, a J ?>T>7'l 0 6fiD^iti^tt{-4)*^ 

ht v ^ s Mi?eft m pis « fe 1- c k # t- s a o 

[0 0 4 7] ±iL^2mai^i^ LikMimiE 

[0 0 4 8] £t\ iS«?ft^-7-fef h#f oi^f o ' 
IzmtLtzm-S, A (3) C±D^ft5«»»f 
(t) tt&©5£ (5) {cfcaSESftSf ' (t) fc:, St 
(2) ti!)«Sii4ffiffi^ (t) tt&CDiC (6) CJ: 
!?3l£ti£>0' (t) tr, -Zfi^timih-rho 
[0 0 4 9] 
[ft 5] 



(t) =a/2 - t + f 



(5) 



[ft 6] 



<t>: (t> 



-2Kf ' (t) t + 0o 
= 27Tf (t+l/a- (fo'-fo)) 

• (t + l/a • (f o ' -f o) ) 
= 0 (t + l/a- (f o ' -f o) ) +0. 
= 0 ( t + d t ) + ?i o ' 
MdtB, (7) (8) 7f« 

★ 

0 o ' —Tt / a • (fo'-fo) 

[ft 8] 

d t = t + l/a • (fo'-fo) 
£©»£©^ + -:7ra*®H«Rtttth ' A [0 0 5 1] 

(t) tt, (9) -C-SSflS. [ft9] 

h ' (t) = A (t) exp ( j 0 ' (t) ) 



k- [0 0 5 0] 
[ft 7] 

(fo'+fc 



) 



(6) 



(7) 



(8) 



(10) 
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= A (t) exp (j 
-2k St (1) fc^SftSfttth (t) + -7 

^*-7m*=r*mm u %mmtmm t+dt ic#^t 
s do) Ta^tisttth" (t> tLTSit-i * 

h" (t) =h (t+dt) 

= A (t + dt) exp 
®.iX, 5£ (9) ©h ' (t) (10) Oh" 

(t) oiijite, B#F^(r«t k> mt\^t£^m.<t> o ' ©<frT" 

fcas^-fcW&itSSfSe^tf, «ia* h (t) f-dttc 
<fc?>MS£©ffetc, «*R*7-fey hxt±iftffl*7-bv h 
©'£(b£;!jO;i£M^fc&i>Ch£^RfcLT^?>o — J&& 

15. slfc. dttft 2 -t a J; ») ItfrfcE, d 

[0 0 5 3] ^t-rif Sffii>fc^^^i;« 
h©*g§5£rici?t-5^A s &Ds -eotac+stLt 

S a (ft>) =S , (co) S c (a>) 

J$«ame#I (a>) tssns-f 
(ffiU gffi^-^fc.fco-rajWSft-t^Sfc-rs) ifi 



1WF7 - 2 5 4 8 6 8 



(9) 



(0 (t + dt) o ' ) ) 

[0 0 5 2] 
[SI 0) 



( j <t> (t + dt) ) - (1 0) 

10 #8tT"^3&«)v;i/5V17^(l£ t>££S+^£$>-s>fI 
[0 0 5 4] ^-7iCSAW7^7 hJidtel^M^JS 

a 

[0 0 5 5] fTv SAW7^ ^©Mliftg^tttis A 



H (ft)) = I (ft)) S a (ft)) 

= i MS, M Sc 



20 »Ci3l+3Aa*ffi2©*£l* ! 

s i (go) n *ta«ai3oss«»*»c«5jg«fta^ 

fi^Sc (ft)). A:fc*|g2i:&$i*«3©|ffl©S AW 

h5SAW7-fi^fflMSMS 1 (a>) K> 
[til] 



exp (-juTa) - (11) 
★ftttH (&>) 4*9-*-4«§Ut^#» 6*15. 
[0 0 5 6] 
[112] 



(Sot, mm2RV3frt>mi&£tiz s aw^^mi: 

iotft-7 , i?5»ofc»i:lt ^-^-7-ff^ (B# 
Fl^tth (t) ) ®7-'JxtMH (a)) i;L£i§£r 

«ffi2&V3©J3*8M*t£S i (go) MS 
c (a>) (12) (D&m&ffitzlsT^tetftHtteb 

(a>) SlFSc (ft)) #5£ (12) 5:iSfcU^oTm@ 40 
3^6J^«$t#ttH (go) ©ft-^gfiittetiiJ; 

[0 0 5 7] £±r2SMWZ^ h ZkMl&til^M 
3 

i> 7-<7 h ;H£«Sa $ nfcff 9SWt S fc »t {±s 
tt&3fr€>*TttS2 fctti9MBC«ffi 4 " 
fcx C©«g 4 £&© i 5 ftRlttt i>'#®#<&£>«, 
[0 0 5 8] C©!g!t©iuiifc&SJ!3Ii: UTtt, 3£ 
(11) ©!!(&(;£, Xi±J7J©l8^S:Xn#x.Tt)SfbU 50 



(ft)) exp (- jcuT i) 

- (12) 

SAW7-f ;i/^©JB«R«H£t., a (11) T-fv^tiS 
^ttS a (go) fcfci>„ 
[0 0 5 9] S AW7-T ;i/7iC*Dl>T(i. — AS 

fcs &5®@#JESSKSE®£lMS^5iu emtio 
T^fiK^n^ S AW(±E«;«£±£ 2 7?ffi]J--f5^bT^ 

^mzti&s aws, «8i2«ace«-rs— ^tsa 
fig c « e»r ^ o 4 oimsisacffi i. mmmft 

■ffi^Sc (w) , S AW1S3 h 4©H«SAW#fil 
KfiSi (w) (is *©SC(13) fc.fcoT:*3ti3. 

ssawcoi^h:, «si3oRi«as^a:ffi««ts!c 

{^SSo* (w) t«cS. 



[0 0 6 0] 



19 



S 2 (&>) = S c ~ (w) S. 



(U) 

* * m 1 3] 

(w) e x p (- j col 
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iz-oT. m-mm^^B. («) ■casix**-*-:^* *&©p (^) 

#Sffi3 tA*Sn5L *ffi4*fcfcfcs Jl&S13t4#* [»14] 
P (o>) =H (co) S 2 (o>) 

= H (w) S<=~ (a;) So (oj) exp 



(13) 



(-jwT 2 ) 

- (14) 

<=~ (a>) So (a>)\ 1-35tt>*>«8i3SV4©«lig 



^©{i^-p (&>) tffflHtr— ^ss-rfetotjess&ifew 

mffi3SU r 4*>c>«|J5£$fL5 SAW7-fMtf?^ 
f F7^^t-fe5ii:T-fe5. ^©fcSMcli, 10 (fi<frtti+) S^If-rniS^^. 

\*7 4)\,**mi&1rZffilZ&S£tjiZntifr$(Q0kft*:ffi [0 0 6 1] 

"TJ:^KFlfflTa, -r;fefc>*,fl;1l3 h 4©PiH^aS^1-S* [» 1 5 ] 

S 2 (oj) = H~ (w) exp (-jaiT 2 ) 
££s B#H^^©-9--f Fn-7" (*^ AIM Kn-7") #-r*xfcf<fc^. ^r^> A^ffecDI 

< -rsfc»(r(i s mz-its a@4*e>©ttS7a{s-f- [o 0 6 2] 

©««R«MSP (w) ^©S (16) ££D3loti3 [»16] 

P = 0. 0 8 + 0. 9 2 cos (27T (f -f =) /B) 

(f .-B/2Sf^f c +B/2ffl 

= 0 (^©ffii©«i§r) 



(l 5) 



fUr) 



[0 0 6 3] 2 flag) S AW'7 ^ ©HiSS 
fcfc>*>v S;M3A : '6S@4^lRltC S AW£i£8Tf £>Bg© 

4 ©w«»^Hs * ! ts 2 *iai t s a w a m 

tl% S AW7-r;i^©M!?£iS{#t£S 2 (w) $rg^£^ 

!K ¥-©EMffi 1 ±tf t-7-f f Mtf +-7 

[0 0 6 4] st, -fi£ SAW7-fM!;i'lt5i 
»IIWI«lft»»H:/^*<, ^©fcftSAW7-(;^o}f 

*4«, JBKimstfiK SAweaa«iEi^iH©«Bfi«»*» 

(-r&fc>*>±i£©T a SWT 2 #?SJK'£<bt- <fc !3 40 
*§<^«Jl-?>) o S AWe«jgSB5IH©SK«»©$3 
-^SZEASIfc bfcfc ©# S AW 7 4 !" jolt 

iigfi&Sfc&sa^ SAW7^;u^©iSlt£^fe^r 

*ffi/t) s JEma« i: b T ffl v n 6 lit ^ fco 
[0 0 6 5] cixtzttU **JMlfc#^Ttt, *— CD 



- (16) 



M£A#ltT*itffi^;:i:&jfcilfebTV'>S. - 

i fcb-r*jiw^sffl^Tts<«tD, xm&zi&m 

[0 0 6 6] ( 5 ) ^Sfc 

5«J5£T-£>S„ -Tftt>*.> -f WVl>*3g*£g§ 1 0 2 C 



its #- 



[0 0 6 7] ^a-fh©Hg 
MI F l:t S AWr.'W < fflvi e>ii.5©K> E 

[ 0 0 6 8] r/^^*Saill 0 2*6A* 

SfiSJMBOW WW*fts WB«*TJi (t) s 



v 3 ^ e> ^ s n & s a w 7 -r ; u ^. m 73 $ ti s js « 
t*s «fM«w«T?tta (i 7) ©h (t) 



:i2) 



<&ffl¥- 7-254868 



21 

ftfitMT-fctS (18) ©H (a>) it 
(17) cf>, SI^*{in>7P;i/— i'g >£^LTV> 

So * 
h (t) = i (t) *Sa (t) 



22 



[0 0 6 9] 
[SI 7] 



(1 7) 



[»18] 

H (a>) = I (oj) • S a {to) 
>;^^4If 10 2*c> > 1I2C, 2(i©-f> 

t i £<fcSjI3E£ e x p (-jwtO C t 

2fflg©^ WVU7^©JI]?^fogy:, &©5S; »J 10 
H (cu) • exp (— jait O 

= 1 (<jo) - Si (a>) - exp 

fetos (18) t (19) ^fife^fc-a-scfcASnjti 

T-&S. 1rl3Lt>%, 9&2JStXTZ^m^fli> S AW 
fll©^ wwi/7s(c*r bT«»r©S (2 0) t-^ti^J; 

? fttse t & D > i$nf&&tt£ (20) ©a» 7 - u ^g* 



- (18) 

•*• (19) ©£j2£jp£ftS«fc?fcJ5S£ : i:&S, 
[0 0 7 0] 
[ftl 9] 



(-jajtx) - (19) 

i«c«t»)»e>ixsSC (2 1) CDA^ftjtSSfcjfes. cti 
tt, «®2£t>-3*>e>#|fij<,£*lS SAW7^;i/*©tt5* 

iliSAW7^Mffligy^->t&'f 
i: ©*g H 2: SDff b tz is ^X' h S C i: £ ^ L T V 15 „ 
[0 0 7 1] 
[ft 2 0] 



H (co) • {1+exp (-jwt i) } 



= 1 (fc>) 



(ct>) • {1 + exp (-jditO) 



(2 0) 



2 1 ] 



h (t) +h (t-ta) = {i (t) + i (t - t a ) } *s 



SC (2 0) (2 1) ir*DV>Ts 2 flaoD-Y WVUX© 
teU lU— COS AW7 ^ ;i/^(;i^T|5]— ©HST-£j5££ 

So s^t, *njfi«»jtc«tn«, 7^7 bj\y&.m&m& 

tc&So 
[ 0 0 7 2] ^«Qlg 

1R£ftfcft-5l5]±©*BSt§»HU -«C» H-W^Tf^ 

##•^0 lot; \S.mU<DS AW7-fM (*^SS^!IT- 
ttffi 3 M4 4>6iJ«Sft5 S AW7 ) CtB* 

A*t«toT^t4l^lifl^7"U T7s©b^;i/fct, ±I2Ir] 
— ©^(-^5{f ^|5]±©t§£-<fc t) ttfSiich* 3 -^ 
T-feSo ScoT, ±at©otd tie]— ©S AW7-f;^t: 

i^tSI$iifeSSl!Oft-7'I^f>li 1 H— <ov 

s„ sec co-t^^^aT-^BX^fLfcf-mfb^^- 



(t) 

- (2 1) 

^ cn*mffi3^A73-rsci:ic«t !)»^Hs=tiiit: 

— 7fcfc, ^^©^©PSCffii^fc'f wwi/7© 
BSIHIfflffit a T-, **-*-:TflWSK:««UT»&ft 
So -f&fctK lffi3fiV4*&*fiJ$h5SAW7>f 
30 MOSt;^->i:2II©'i' W^kXKStfS-rs^ 
7"fs^-i:©^|g|©fc:— ^te> :®SAW7-(;^(D 
®H^* — >t lfflg©^ wt;u7stc#j£;-r — t* 

©^©^BKtffiffl Lfc-f >/t;Mii, -^ft^ft^-7 t- 

40 rO 0 7 3) ^-g u- hgpT^ttffi 
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